It is recently recognized that complex systems are not only characterized by their magnitudes, but also their lifespans. This paper presents a theory of Long-Lifespan systems (LLS's) and its applications in explaining the properties of complex systems from both the function and time dimensions. The mathematical models of LLS's such as those of the abstract systems, system magnitudes, and system lifespan, are established. Properties of LLS's, particularly those of system conservation, system equilibrium, and system self-organization, are formally analyzed. The fundamental mechanisms and applications of LLS's in economics are elaborated, followed by the description of the global warning and the greenhouse effect in order to explain the rational causality of global climate system as a typical LLS system.
Introduction i
System science and its applications in systems engineering are a branch of knowledge that studies the top-level objects and phenomena in the physical, information, and social worlds, namely systems across all science and engineering disciplines. The concept of systems can be traced back to the 17th Century when Rene Descartes (1596-1650) noticed the interrelationship among scientific disciplines as systems. Scientists working in different disciplines intend to recognize that nature is a coherent system with perfect harmony and integrity [10] . Ludwig von Bertalanffy found the notion of general systems on the basis of his study in biologic systems [42] , which is then extensively studied in [1, 2, 3, 4, 5, 6, 13, 14, 15, 16, 18, 22, 23, 25, 32, 34, 41] .
Theories of system science have evolved from classic to contemporary with I. Prigogine's dissipative structure theory [30, 31] , H. Haken's synergetics [17] , and M. Eigen's hypercycle theory [9] . Then, the field has shifted on proposals of systematology [23] , complex systems theory [1, 36, 48, 14] , fuzzy theories [15, 26, 28, 47, 49] , and chaos theories [11, 30, 31, 37] . Yingxu Wang's abstract system theory [43, 44] and system algebra [44, 46] are developed as the latest attempt to provide a formal and rigorous treatment of abstract systems, their properties, and principles. Definition 1. An abstract system is a collection of coherent and interactive entities that possesses stable functions and clear boundary with external environment.
Complex systems are characterized in both facets of their magnitudes and lifespans. The former model system functional complexity, which have been intensively studied. However, the latter on complex system behaviors in the time dimension have rarely been investigated. This paper introduces a theory of Long-Lifespan (LLS) systems and presents its applications in explaining the properties of complex systems from both the functional and time dimensions. Section II introduces mathematical models of LLS's such as those of the abstract systems, system magnitudes, and system lifespan. Section III analyzes properties of LLS's, particularly those of system conservation, system equilibrium, and system self-organization. Section IV discusses fundamental mechanisms of LLS's in economics. Section V presents fundamental mechanisms of LLS's in the weather system and global warning, as well as rational inferences on the causality of why the temperature of the earth's surface is a typical LLS system.
Mathematical Models of LLS's ii
The general system and system of systems can be formally treated by the abstract system theory [43, 44] . An abstract system is developed as a theoretical model of concrete systems, particularly for the purpose of formal treatment of the generic properties shared by all concrete systems. In this view, a concrete system is an application or special case of the abstract system.
It is recognized that the sizes and magnitudes of systems may be measured in two dimensions, which are dependent on both the functional complexity and the lifespan of a given system. Assume a generation in sociological term is 20 years, then system complexity in the time dimension can be categorized into three levels known as the short, medium, and long lifespan systems as shown in Table 1 . According to Table 1 , LLS is a system that its lifespan is beyond 60 years, or is longer than three sociological generations.
Definition 2. A long-lifespan system (LLS) is a higher order system with a lifespan longer than the creator of the system. Most complex systems are LLS, particularly those of the natural, social, knowledge-based, economical, electronic networks, and database systems. For instance, many software systems are an LLS, which is complicated because not only its functional magnitude, but also its continuous lifespan that may last for a very long period, such as the Internet or an on-line public knowledgebase.
The Abstr act System Model of LLS's
In system algebra, an abstract system is a collection of coherent and interactive entities that has stable functions and a clear boundary with the external environment [43, 44] . The abstract system can be rigorously modeled on the basis of the universal system environment. Definition 3. Let  be a nonempty set of components, and  a nonempty set of behaviors, then the universal system environment U is denoted as a triple, i.e.:
where  is a set of relations between  and , and | demotes alternative relations.
Definition 4.
An open system S on U is a 7-tuple, i.e.:
where
• C is a nonempty set of components of the system, C = {c 1 , c 2 , …, c n } ⊆ Þ U.
• R is a nonempty set of relations between pairs of the components in the system, R = {r 1 , r 2 , …, r m } ⊆ C × C.
• R c ⊆ C × C is a set of internal relations.
•
, is a set of input relations, where C Θ is a set of external components,
• B is a set of behaviors (or functions), B = {b 1 , b 2 , …, b p }⊆ Þ  U.
• Ω is a set of constraints on the memberships of components, the conditions of relations, and the scopes of behaviors, Ω = {ω 1 , ω 2 , …, ω q }.
• Θ is the environment of S with a nonempty set of components C Θ outside C, i.e., Θ = C Θ ⊆ Þ U.
According to Definition 4, a closed system is a special case of the open system where
System Magnitudes in Ter m of Functional Sizes
The magnitudes of abstract systems can be measured by their sizes in the functional dimension and lifespans in the time dimension. According to the abstract system model, the attributes of system magnitudes in the functional dimension can be described by their size, magnitude, relational complexity, and maximum complexity. 
If all self-reflective relations are ruled out in n r , the pure number of binary relations M' s in the given system is determined as follows: 
The magnitude of a system determines its complexity. The complexities of systems can be classified based on if they are fully or partially connected. The former is the theoretical upper-bound complexity of systems in which all components are potentially interconnected with each other in all n-nary ways, 1 ≤ n ≤ n c = #C. The latter is the more typical complexity of systems where components are only pairwisely connected.
Definition 7. The complexity of a fully connected system C max is a closure of all possible n-nary relations R*, 1 ≤ n ≤ n c , among all components of the given system n c = #C, i.e.: 
where C max is also called the maximum complexity of systems.
According to Eq. 6, the closure of all possible n-nary relations R* may easily result in an extremely huge degree of complexity for a system with a few components. For example, when n c = 10, C max = 2 100 . This explains why most of the real-world systems are really too hard to be modeled and handled, even in the functional dimension only.
The taxonomy of functional magnitudes of systems can be classified at seven levels known as the empty, small, medium, large, giant, immense, and infinite systems from the bottom-up. A summary of the relationships between system magnitudes, sizes, internal relations, and complexities can be described in the system magnitude model as shown in Table 2 . Lemma 1. The holistic complexity of systems states that among the 7-level magnitudes of systems, almost all of them are too complicated to be cognitively understood or mentally handled as a whole, except small systems or those that can be decomposed into small systems.
According to Lemma 1, the basic principle for dealing with complex systems is system decomposition or modularity, in which the complexity of a lower level subsystem must be small enough to be cognitively manageable. Details of system decomposition theories and the art of system architectures have been developed in [43, 44] .
C. System Magnitudes in Ter m of Lifespans
Parallel to system functional complexity, the lifespan magnitudes of systems in the time dimension can be modeled by the lifespan complexity of systems. [RHr]
where the unit of the generic system complexity is relation-hour [RHr].
Properties of LLS Systems
iii A comprehensive set of system properties and principles, such as system fusions, system functions and behaviors, work done by systems, the maximum output of systems, system equilibrium and organization, system synchronization and coordination, and system dissimilation, are formally explained by the abstract system theories. This section presents key system properties of LLS's, such as system conservation, equilibrium, and selforganization. 
System Conser vation
Definition 9. A conservative system is an inertial system that has a tendency to remain unchanged under external influence in a certain scope.
A conservative system can autonomously adapt to an equilibrium state by proportional negative feedback to the changes. An inertial or conservative system possesses the tendency to remain constant at a given equilibrium within a certain stability scope against external changes. In the dynamic aspect, when the current equilibrium state of an inertial system cannot be maintained, it transits into another equilibrium without abrupt changes.
Many physical, economical, and social systems are inertial, because the existence of negative feedback. A typical conservative system in physics is Newton's inertial system of kinetics, in which if the net force acting on a body is zero, the body either remains at rest or moves at a constant velocity [7] . The economic system equilibrium, empirically known as the invisible hand by Adam Smith [39] , can be proven in mathematics as an inertial and selforganization system [43, 44] , which will be explained in Section IV.
System Equilibrium
An equilibrium is a mechanism of a system where all inputs, outputs, and internal processes of the system are in a dynamically stable state. Multiple equilibriums may exist in a system. An important mechanism in the form of equilibrium is feedback, which links a system's output to its internal performance or functionality.
Definition 10. A feedback of a system is the information obtained from its output that represents the extent of performance or status of the system. Definition 11. The negative feedback of a system is a feedback that is inversely proportional to the output of the system in order to reduce or regulate the aggregative tendency of the system.
Feedback is a universal phenomenon that exists not only in physical systems, but also in advanced systems such as biological, physiological, economical, and social systems. The observation of negative and positive feedback among neurons in the brain via synapses may be referred to [24, 29, 33, 40] .
Theor em 1. The condition of a conservative system is that at least one equilibrium exists as the result of negative feedback in the system. Pr oof: For any given system, according to Definition 11, one or more equilibriums exist on the basis of negative feedback. Then, the system is conservative according to Definition 9.
It is empirically observed that system equilibriums exist when the negative feedback of the system is proportional to its aggregative effects in the system. This can be formally explained below.
Definition 12. The equilibrium of a system is a stable state where the effects of all components in terms of abstract work W(C i ) form a zero-sum, i.e.:
where W(S) is the total work done by the system, and such a system is called a zero-sum system. Example 1. The following phenomena are system equilibriums in different disciplines:
a) Newton's 1st law of motion: An object remains at rest or a state of motion at a constant velocity, if the sum of all forces exerted on it, F  , is zero, i.e.:
where a  denotes the acceleration of the object. b) Energy conservation: The sum of all forms of energy E in an equilibrium physical system is zero, i.e.: The effect of all demands D and supplies S on the price P in a market system is a zero-sum, i.e.:
3.3 System Self-Or ganization Self-organization is an important property of systems [19] with the characteristic of equilibrium. An inertial or conservative system is always a self-organization system, because the negative feedback of the system is proportional to its aggregative effects in the system. Definition 13. System organization is a process to configure and maintain a system in order to approach to a stable and ordered state with internal equilibriums. (a 1 , b 1 ) ), f min (x 2 | x 2 ∈ (a 2 , b 2 )), and f min (x k | x k ∈ (a k , b k )). Among those, the minimum of minimums is called the global minimum, f min (x g ), i.e.:
The remainders are called local minimums.
Theor em 2. The condition of self-organization states that the necessary and sufficient condition of selforganization is the existence of at least one minimum on the state curve of a system f(x), which satisfies the following requirements:
where f '(x) and f ''(x) are the first and second order derivatives of f(x) on (a, b).
Pr oof: For a given state curve of a system f(x), there are two possibilities when f'(x 0 ) = 0 and f″(x 0 ) ≠ 0, i.e.:
Therefore, x 0 = x min guarantees that the system can autonomously reach an equilibrium state from both sides of x min ∈ (a, b) without other external effort.
Since negative feedback is the only means to regulate the states of a system, the following corollary can be derived.
Cor ollar y 1. The functional condition of system self-organization is the existence of the negative feedback mechanism that is proportional to the incremental or aggressive effects of the system. Cor ollar y 2. A dynamic system tends to synchronize to a certain state where it is stable or dynamically equilibrial that satisfies one of the following conditions: a) The rational condition -The best (global) equilibrium condition; or b) The arbitrary condition -The first obtainable or most conventional equilibrium condition.
Science and engineering methodologies are rational because they usually adopt the Category (a) conditions in Corollary 2 when the constraints and all possible solutions are known. However, social and psychological systems often adopt the Category (b) condition when there is no rational or apparent optimal solution available. The latter is also in line with the basic axiom of science, minimizing energy consumption, in searching rational or arbitrary solutions.
Fundamental Mechanisms of LLS's in Economics iv
A macroeconomic system is a typical LLS. Price P(t) is an important leverage in the market system to autonomously adjust the equilibrium of demands and supplies, known as the invisible hands, according to Adam Smith (1776), because both demands and supplies are price-driven to meet the ultimate economic goals of consumers and producers [12, 27, 35, 38] .
The entire mechanisms of a market system and the behaviors of the closed-circle interactions among demands, supplies, and prices are known as the economic equilibrium.
Definition 15. An equilibrium of demand and supply e is a point of quantity Q e (t) where the demand D(t) equals to the supply S(t), i.e.: e = {Q e (t) | D(t) = S(t)} (17) where the price at e, P e (t), is called the equilibrium price.
A rigorous explanation of Adam Smith's invisible hand hypothesis can be derived based on the LLS theories. In other words, the market systems as a special type of self-organization LLS's obey the same law as given in Theorem 2 and Corollary 1. That is, the adaptive equilibrium of market systems as a result of interactions between demands and supplies is rooted in the negative feedback mechanisms between their quantities and prices.
Definition 16. The equilibrium model of market systems is a negative feedback system, in which the increase or decrease of price in the market will result in a negated feedback, and so do the changes of quantities of demands and supplies on prices, which intend to resist the tendency of deviating from the current equilibrium.
Theor em 3. The adaptive economic equilibrium states that a market with autonomic interactions between demands D and supplies S is a self-regulative and self-adaptive system, where any change in demand, supply, or both will be autonomously adjusted via the leverage of price P to an equilibrium, i.e.:
Market conservation
Maximizing profits
The result of interactions between dynamic demands and supplies, through the leverage of prices, results in an autonomic stabilization of the market at a new equilibrium that is close to the current equilibrium price.
Theorem 3 provides a rigorous explanation [43] of Adam Smith's hypothesis of the invisible hand. The equilibrium theorem can be used to formally explain basic modes of equilibrium mechanisms considered in conventional economics, such as demand increase E(D+) as shown in Fig. 1 , demand decrease E(D-), supply increase E(S+), and supply decrease E(D-). Theorem 3 can also be applied to explain more complicated market modes such E(D+, S+), E(D+, S+), E(D+, S+), and E(D+, S+), which could not be quantitatively analyzed before in conventional economics theories.
On the basis of Fig. 1 , the newly established equilibrium P' e , and the increment of price ∆P can be predicated as follows. Cor ollar y 3. The predictability of new equilibrium states that a newly established equilibrium on price P' e is determined by the effect P' and feedback effect P'' of the driving forces deviating from the current equilibrium, i.e.:
'' , ' ' 2 e e P P P P
and the increment of price caused by the shifting of equilibriums is:
e e e e P P P
where ∆P may be positive or negative that represents a upward or downward shifting of the current equilibrium price, respectively.
The adaptive equilibrium mechanism of market systems formally elaborated in Theorem 3 is the mathematical model of Adam Smith's invisible hand, which self-regulates and self-organizes the equilibrium of quantities and prices affected by the interactions between demands and supplies.
Cor ollar y 4. Equilibrium market is a conservative system. Once an equilibrium is established in a market, the price may gradually wave around and slowly shifting from P e , but may not be increased or decreased abruptly and dramatically.
Fundamental Mechanisms of LLS's in the Climate System and Global War ming
The climate system is another typical LLS because it has existed since the earth was formed. The LLS theories may be used to explain a number of complex issues in the climate system such as the green house effect and global warming [8, 20] . Definition 17. The greenhouse effect GHE is a property of the earth's atmosphere that traps the sun's indication warmth caused by the greater transparency of the atmosphere to the radiation energy from the sun than to infrared radiation emitted from the earth's surface.
The greenhouse gases are those of carbon dioxide (CO 2 ), chlorofluorocarbons (CFCs), ozone (O 3 ), and other pollutants [8] .
Definition 18. Global warming GW is a meteorological phenomenon that reports the observation of the gradual increase in the overall average temperature of the earth's surface and atmosphere along time. The global average air temperature near the earth's surface was supposed to have risen 0.74 ± 0.18 °C during the last century ending in 2005 [20] . However, a recent report from the chair of the UN's Inter Govermental Panel on Climate Change (IPCC), Rajendra Pachauri, reluctautly admitted that there has been no global warming so far in the 21st century according to IPCC [21] .
In meteorology, atmosphere physics, and environment science, it is empirically perceived that the greenhouse effect causes global warming due to increased levels of greenhouse gases [8] . It is commonly believed that the increasing quantity of atmospheric CO 2 from the burning of fossil fuels, together with the release of other gases, is causing an increased greenhouse effect, which lead to global warming. However, on the basis of the LLS theory, the above empirical reasoning may be questioned in the following subsections.
Gr eenhouse Effect is not the Dominate Cause of Global Wor ming
When the global warming phenomenon is perceived in the whole picture as an LLS, the true causality may be thoroughly analyzed and verified. According to the LLS theory, an energy system model of the weather system of the earth can be illustrated in Fig. 2 . As modeled in Fig. 2 , the total energy of the earth system E is determined by the following factors and their interactions, i.e. the radiation energy of the sun E s and which in the greenhouse area E sg , the arrived energy E'' sx and reflected energy E' sg from the sun to the surface of the earth, the dissipated energy from the earth to space E e and which in the greenhouse area E g , the dissipated energy E'' g , and the reflected energy E' g .
Definition 19. The total energy of the earth system, E, is determined by the relation of the following factors:
where the last item E g represents the GHE, i.e.
' .
Cor ollar y 5. Because of the fact E s >> |E e | >> E sg >> E g , Eq. 21 indicates that the total energy of the earth system is dominated by the radiation energy of the sun E s rather than by the GHE, i.e., E s >> (GHE= E g )  GW.
Corollary 5 indicates that the GHE is not the dominate cause of GW. In other words, the GHE is too small to be a true and nontrivial cause to GW. The above analysis according to the LLS theory reveals that the assumed causality GHE ⇒ GW is a typical false abductive reasoning, i.e., GW ⇐ {GHE, …, many other more significant factors}, that correlates an insignificant factor GHE as the only cause to a major effect GW. The following subsections analyze what are the true and major causes of GW.
The Contr ibution of Gr eenhouse Effect is Insignificant to Global War ming than that of Clouds
Empirical observations of everyday life show that the contribution of cloudy days to the temperature decrease of the earth's surface is far greater than the contribution of GHE.
Cor ollar y 6. During cloudy days, because the loss of the sun's radiation energy E'' sg by clouds is far more greater than the contribution of the GHE, E' g , i.e.:
Corollary 6 indicates that the greenhouse effect is very much insignificant in order to causing global warming.
In other words, the GHE to the changes of the temperature of the earth's surface is much less than that of a single cloudy day.
GHE Itself is a Conser vative System
The third disproof of the false causality GHE GW  is that the effect of greenhouse gases themselves forms an LLS as elaborated below.
Cor ollar y 7. The effect of greenhouse gases is a conservative system because there exists a negative feedback to the increase of CO 2 , which proportionally increases the photosynthesis of plants on earth. As a result, the level of CO 2 will be reduced to a normal level at the equilibrium of about 0.03% in the atmosphere, i.e.: 
The Climate System at Lar ge is a Conser vative LLS
Because the climate system is a conservative LLS, the surface temperature of the earth in any given year should be around a certain point of equilibrium. The major mechanism of this equilibrium is due to the existence of the vast warmth reservation capacity of the seas and oceans as negative feedback mechanisms to the climate system. According to Theorems 1 and 2 of the LLS theory, the existence of negative feedback is the necessary and sufficient condition of any conservative system. The surface temperature of the earth is a paradigm of those conservative LLS's, where raining or snowing due to ocean water's evaporation is the autonomic air conditioner of the earth.
Theor em 4. The surface temperature of the earth T e is a conservative system because the existence of the negative feedback of the evaporation volume of the ocean water V e proportional to T e , i.e.: 
where ↑ and ↓ denote an increase or decrease in quantity, respectively.
In a conclusion, the rigorous analyses provided in Subsections V.A through V.D formally prove that the greenhouse effect is not the main reason of global warning. If there is an absolute global warning, the true and nontrivial reason(s) should be abductively sought rationally from the conservative climate system itself according to the LLS theory, as follows, inter alia:
• The level of the sun's radiation energy change;
• Relative position change between the earth and the sun;
• The change of the earth's inner energy-generation reactions;
• Changes of the total volume of water in the oceans and on the earth's surfaces.
Whatever the dominate reason(s) would be from the above causalities, the average annual (not seasonally) temperature of the earth's surface will not change abruptly in a short period in term of no less than a few hundred years, because it is a conservative and equilibrium LLS. According to the LLS theory, once an equilibrium is established, a transition from it to another in the conservative system at large requires not only enormous external causes, but also a very long period of interactions, which may not be rationally aware by individuals with observations within a few years or decades. The above reasoning also demonstrates the applications of the mechanisms, philosophy, and behaviors of the abstract LLS theories.
Conclusions
It has been recognized that complex systems characterized in both facets of their magnitudes and lifespans.
The latter have been more important but often overlooked in system science, physics, sociology, economy, and cognitive science. This paper has introduced the theory of long-lifespan systems. The long-lifespan system theory has been established and applied in explaining the properties of complex systems from both the functional and time dimensions. It has been identified that conservative long-lifespan systems are a self-organization system in which the system can autonomously adapt to an equilibrium state by proportional negative feedback mechanisms.
The investigation into long-lifespan systems is important because mankind and human society greatly rely on them. Studies on the properties, mechanisms, and behaviors of abstract long-lifespan systems will improve our understanding about nature and the roles of knowledge and information in the course of human evolution. Case studies on macro-economic systems and the climate system, particularly the global warming phenomena as a conservative long-lifespan system, have demonstrated the real-world applications of the LLS system theories.
